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We investigate theoretically the Andreev transport through a quantum dot strongly coupled with 
a normal metal/ferromagnet and a superconductor (N/F-QD-S), in which the interplay between the 
Kondo resonance and the Andreev bound states (ABSs) has not been clearly clarified yet. Here 
we show that the interference between the Kondo resonance and the ABSs modifies seriously the 
lineshape of the Kondo resonance, which manifests as a Fano resonance. The ferromagnetic lead with 
spin-polarization induces an effective field, which leads to splitting both of the Kondo resonance and 
the ABSs. The spin-polarization together with the magnetic field applied provides an alternative 
way to tune the lineshape of the Kondo resonances, which is dependent of the relative positions of 
the Kondo resonance and of the ABSs. These results indicate that the interplay between the Kondo 
resonance and the ABSs can significantly affect the Andreev transport, which could be tested by 
experiments. 


I. INTRODUCTION 


In the past years, the interplay between the Kondo 
effect and superconductivity has been intensively inves¬ 
tigated in hybrid superconductor-nanostructuresfi^— In 
a superconductor-quantum dot-superconductor (S-QD- 
S) device, the Josephson current shows an interesting O-tt 
phase transition at Tr-ZA ~ I, where Tk is the normal 
state Kondo temperature, and A is the superconduct¬ 
ing gap. At the transition point, the energy gained from 
the formation of Kondo singlet can exceed the energy 
gap, which leads to the crossing of Andreev bound states 
(ABSs).i“— Furthermore, if one electrode of the QD is 
replaced by a normal or ferromagnetic lead, namely, for a 
normal metal/ferromagnet-quantum dot-superconductor 
(N/F-QD-S) device, the subgap transport shows much 
richer featuresJ^*2^“— For example, the Kondo effect en¬ 
hancement of Andreev transport has been observed in 
odd occupation regimesj ^®:^® The coexistence of Kondo 
resonance and ABSs has been proposed and/or observed 
in the superconductor-QD devicesi^^— However, the in¬ 
terplay between the Kondo resonance and the ABSs in 
such a device has not been explored in detail. 

It is well-known that in the N/F-QD-S device, the 
Andreev levels induced by the proximity of the super¬ 
conductor will be broadened, whose width is roughly 
proportional to the coupling strength with the normal 
or ferromagnetic lead. At the same time, the coupling 
with the normal or ferromagnetic lead will also lead to 
a Kondo resonance due to the screening of the spin in 
the QD if the system is in the Kondo regime. As men¬ 
tioned above, both these two subgap features have been 
observed experimentally.— A natural question arises: is 
there any interplay between these two subgap features? 
In this work we explore theoretically the interaction be¬ 



FIG. 1. Schematic diagram of the interplay between the 
Kondo resonance and the Andereev bound states (ABSs) in 
an F-QD-S device. The spin-polarization induces an effec¬ 
tive field Ezeff, which removes the degeneracy in dot level Ed 
and splits the ABSs and Kondo resonance. When the split¬ 
ting ABSs and subpeak of Kondo resonance get close to each 
other, the interference between them modifies the lineshape 
of the Kondo resonance, which affects the Andreev transport. 


tween these two distinguished features and find that 
the lineshape of the Kondo resonance can be modified 
seriously by the interference between the Kondo reso¬ 
nance and the ABSs, which can be attributed to Fano 

resonance— i2i 

The experimental observations that the Fano reso¬ 
nance modifies the lineshape of the Kondo resonance 
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have been reported in the experiments about two decades 
ago,— in which the Kondo resonance has been un¬ 
covered by scanning tunneling spectroscopy of a mag¬ 
netic adatom on metal surface. There the asymmetric 
lineshape of the Kondo resonance observed are resulted 
from the interference between a symmetric Kondo res¬ 
onance (discrete channel) and the metal surface states 
(continuum channel)— Furthermore, it was found that 
in the strongly coupling cases, for example, Ti/Au and 
Ti/Ag,— the broadening impurity level has a signif¬ 
icant contribution to the lineshape of the Kondo reso¬ 
nance observed experimentally— These works indicated 
that the Fano resonance is popular in such a strongly cor¬ 
related impurity system (for an overview one can refer to 
Ref. [HI). 

In this work, we explore the Fano resonance in the 
N/F-QD-S device. It is shown that the interference be¬ 
tween the Kondo resonance and the broadening ABSs 
has a signihcant influence on the Andreev transport. 
In the N-QD-S case, the Kondo resonance peak devel¬ 
oped in Andreev transport gradually evolves into an 
anti-resonance dip structure with increasing the coupling 
strength of the normal lead and the QD. This can be as¬ 
cribed to the interference of the Kondo resonance fixed 
around the Fermi level and the broadening ABSs near the 
Fermi level. Here the broadening ABSs play a key role 
in changing the lineshape of the Kondo resonance from a 
peak to a dip structure. In the F-QD-S case, the situation 
is more interesting. It is known that the spin-polarization 
can induce an effective magnetic field Ezef which 
removes the degeneracy of dot level and results in split¬ 
ting of Kondo resonance and the ABSs. The interference 
between the sub-peaks of Kondo resonance and splitting 
ABSs can lead to fine Fano resonance, as shown schemat¬ 
ically in Fig.[TJ The spin-polarization as well as the mag¬ 
netic field applied provide a novel way to tune the subgap 
physics of the Andreev transport in such a device, which 
can be further tested by future experiments. 

The paper is organized as follows. In Sec. [Ill we in¬ 
troduce the Anderson impurity model and outline the 
formalism on the Andreev transport. In Sec. m we 
discuss the numerical results of Andreev transport in the 
N/F-QD-S device, and analyze the result obtained by us¬ 
ing the Fano resonance picture. Finally, a brief summary 
is given in Sec. [IVl 


II. THE MODEL AND FORMALISM 

The N/F-QD-S device can be described by Anderson 
impurity model^ 


H = Hl + Hd + Hv, ( 1 ) 

where 

Hl = + H.C.^ (2) 

kOL<T kS<7 


is the Hamiltonian of leads a = S, N/F. The second term 
is only available in the superconducting lead. The oper¬ 
ator (Cfectcr) represents the creation (annihilation) of 
an electron with the energy ekaa- in superconductor or 
normal/ferromagnetic leads, respectively. 

Ed — ^ ^ -f — ^ ^ Tl(yTl^ (3) 

(T a 


is the dot Hamiltonian, in which e^a is the dot level, dj. 
(do-) is the creation (annihilation) operator of electron in 
QD, Ua = d\da, and U is the Coulomb repulsion. 

Hv = J2(v^cl^,d. + H.c.) (4) 

kotCT 


is the Hamiltonian describing the coupling between the 
dot and leads with the tunneling amplitude Va- The 
spin-polarization in ferromagnetic electrode leads to the 
spin-dependent dot-lead coupling FFt(i) = Tf(1 ± P)/‘^- 
Ff = FFt + FF^ = ttIVfI^Pf is the coupling strength, 
Pf = Pf^ + PFi is the density of states of the nor¬ 
mal/ferromagnetic lead. P is the spin polarization and 
P = 0 denotes a normal electrode. It is known that 
the ferromagnetic proximity effect induces an effective 
exchange field on dot level due to the spin-dependent 
charge fluctuation— This behavior can be treated by 
the Haldane’s scaling theory^ and the modification on 
dot level is 


— 


de [ Ff. [!-/(£)] ^ rF,,/(£) 1 

TT ( Sfia ^ ^ U Sdd f 


( 5 ) 


The first (second) term denotes charge fluctuation be¬ 
tween the single occupation state and empty (double oc¬ 
cupation) state on dot level— 

The subgap transports through the device can be de¬ 
rived by Nambu Green’s function 


Gd,(e) 


'((d^;dt}}, {{dy,d^))/ 

_((4;4))e ((4;d^))e. ■ 


( 6 ) 


All the components in Gda (e) can be calculated by equa¬ 
tion of motion approach— In the frame of 
Hartree-Fock mean field, the dot Green’s function reads 

Gf/ (e) = (ei - Edad. - (e) - (e)) , (7) 

where the non-interacting self-energy E9 i (e) = Enn (e) = 
-* , E?2 (e) = E^i (e) = 

with Fs = TT |Vs| PS- Eda = SdtT + SEda is the renormal¬ 
ized dot level. dEda plays a role of effective field Ezeff 
on the dot level. = dzU{fid) + dxAd is the inter¬ 

acting self-energy, where Ad = U{d\d\) is the proximity 
induced order parameter— 

In order to capture the Kondo physics, the higher- 
order Green’s functions should be taken into account. We 
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truncate the hierarchy of Green’s function by Lacroix’s 
scheme.— It qualitatively captures the characters of 
Kondo effect even at zero temperature^ or particle-hole 
symmetry— Although the equation of motion approach 
tends to underestimate the Kondo temperature, it can 
properly capture the competition between Kondo effect 
and superconductivity— After some straightforward cal¬ 
culations, the dot Green’s function obtained is 


GdAe) = -t^) \ ( 8 ) 


where S*” = 




(Tx^d I - f \ is the self-energy containing Kondo 
correlation, and the notations and read 


Pa (e) — [f^lcr (e) + ^2a (£)] + UA2cr (e) , (9) 

Qa (e) — (e Sda U (^cZa)) [Ai^- (e) A2a (e)] -f (jldd^ 
X [f^lcr (e) + ^2a (e)] — [i?lcr (e) + i?2cr (e)] , (10) 



where 


Aia (e) ~ 

TT 

Bia (e) « - 

TT 

^ia ( e ) = - 
TT 


r, (E0/(E0Re[G. 

S ^i(7 


^ ^icr 


( 11 ) 

( 12 ) 

(13) 


In the above expressions. To- (e) = Fi^cr + 

Elo- = Edcr + e' — £da, £ 2 a = ~£' + ‘^Sda + U,i = 1,2. 
/ (e) is the Fermi distribution function. We can calculate 
the Green’s functions self-consistently and the current 
through the quantum dot by using the above formulas. 

In this work, we study the Andreev transport through 
N/F-QD-S device, in which an electron injects from nor¬ 
mal/ferromagnetic lead to superconductor through the 
quantum dot and a hole with oppose spin reflects to the 
normal/ferromagnetic lead, then a Cooper pair is cre¬ 
ated in the superconductor lead, and vice versa— 
Therefore, the Andreev current reads 


[fp (e - eVsd) - /f (e + elAd)], (14) 


where fp (e ± eVsd) is the distribution function of elec¬ 
trons in normal metal/ferromagnetic lead, Vsd is the bias 
applied. 


III. NUMERICAL RESULT AND DISCUSSION 

In this section, we discuss the numerical results of An¬ 
dreev transport in the N/F-QD-S device. In odd occu¬ 
pation regimes, the Kondo resonance appears around the 
Fermi level of N/F lead due to the screening of local mo¬ 
ment. Here, we pay attention to the interplay between 


FIG. 2. (a) The ABSs dominated by the competition be¬ 

tween Kondo effect and superconductivity in the N-QD-S de¬ 
vice with the coupling Fjv = 0.2A and Fg = (5, 7, 8, 10) A. (b) 
The coexistence of Kondo resonance and ABSs with the cou¬ 
pling Fs = 5A and Fjv = (0.2, 1,1.5, 2, 2.5) A. Other param¬ 
eters used: the dot level Sd = —5A, the temperature T = 0, 
the magnetic field Ez = 0, and the half bandwidth D = 20A. 


the Kondo resonance and the ABSs, especially, the in¬ 
terference between them. In the calculations, we assume 
that the density of states pa = 1/2D and the tempera¬ 
ture T = 0, D is the half band-width of the N/F lead. 
In addition, we neglect the influence of applied magnetic 
field on the leads and set U ^ oo for simplification. 

In Fig.[3 we show the Andreev transport in the N- 
QD-S device, namely, the polarization P = 0. When the 
quantum dot weakly coupled with normal lead (Fjv <S 
rs,Ed), the Kondo resonance peak can not be observed 
in the conductance as shown in Fig. [2] (a). In this case, 
the position of ABSs level Ep is determined by the cou¬ 
pling Fs. For Tk <S; a, the level Ep situates away 
from the Fermi level. In the opposite limit, namely, 
Tk ^ A, the bound states would position above the 
Fermi level. The Andreev level Ep goes cross the Fermi 
level about Fg = 8A and Tp/^ I, which corresponds 
to the quantum phase transition between magnetic dou¬ 
blet and screened Kondo singlet ground statei^ d^d^i^^ 
The width of the ABSs, which associates with its life¬ 
time, only depends on the coupling Fat. In Fig. [5] (b), 
we fix the coupling Fg = 5A and check the evolution of 
the Kondo resonance with increasing Fat. The Kondo 
resonance peak develops at the Fermi level by increasing 
the coupling Fat = A, 1.5A. Further increasing Fat, the 
resonance peak evolves into a dip structure, as shown for 
FAT = 2A, 2.5A. This change is ascribed to the interfer¬ 
ence between the Kondo resonance and the significantly 
broadening ABSs, as discussed later. 
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FIG. 3. The splitting of the ABSs. (a) The case with different 
external magnetic field Ez = 0, 0.05A, 0.1 A and P = 0. The 
inset is the spin-dependent local density of states (LDOS) 
with Ez = O.IA. (b) The case with different spin-polarization 
with P — 0, 0.4, 0.8 and Ez = 0. The inset shows the spin- 
dependent LDOS with P = 0.8. Other parameters used are 
Ed = —5A, Ts = 5A and T ]v = 0.2A, and D = 20A. 



FIG. 4. The splitting of the Kondo resonance and the 
ABSs. (a) The case for different external magnetic field 
Ez = 0,0.05A,0.1A and P = 0. (b) The case for different 
spin-polarization with P — 0, 0.2,0.4 and Ez = 0. Other 
parameters used are the same as those in Fig. [3] except 
Fjv = 1.5A. 


When an external magnetic field is applied and/or the 
spin polarization in the ferromagnetic lead is present, the 
Andreev transport displays some interesting splitting be¬ 
haviors. In particular, the spin polarization induces a 
local effective field which removes the spin degeneracy 
in Kondo effect and ABSs.— In Fig. [3] (a) and (b), we 
show the splitting of the ABSs in the presence of Zeeman 
energy Ez induced by external magnetic field and spin- 
polarization P, respectively. Differently from the split¬ 
ting induced by external magnetic field (see Fig. [3] (a)), 
the ferromagnetic polarization induces an imbalance in 
the local density of states (LDOS) of spin-up and spin- 
down electrons, as shown in the inset of Fig. [3Kb). Due 
to weak coupling with the dot Tn = 0.2A, the Kondo 
resonance at the Fermi level does not occur. However, 
when the quantum dot is strongly coupled with normal 
or ferromagnetic lead, the Kondo resonance occurs at the 
Fermi level, as shown in Fig.|4| (marked by black lines). 
This Kondo resonance peak becomes splitting when an 
external magnetic field (see Fig.|3|(a)) or a ferromagnetic 
lead (see Fig.|4|(b)) is applied. Besides the occurrence of 
the Kondo resonance, another distinguished effect lead 
by strongly coupling Fat = 1.5A is the broadening of the 
ABSs, as shown as a broad peak marked by the black lines 
in Fig.m (b), which are also splitting under the external 
magnetic field or the ferromagnetic field. The broaden¬ 
ing and splitting of ABSs are found to have a significant 
influence on the lineshape of the Kondo resonance. For 


example, in Fig.|4|(b), for P = 0.2A,0.4A the lineshape 
of the splitting Kondo resonance peaks is obviously dif¬ 
ferent. For the sub-peak above the Fermi level, the line- 
shape is a resonance peak, which is similar to that of 
P = 0. On the contrary, the lineshape of the sub-peak 
below the Fermi level is quite asymmetric(as presented 
as red line in Fig.jSj (a)), showing a dip-peak structure, 
which is reminiscent of the Fano resonance. In the follow¬ 
ing we argue that the broadening ABSs provides a signif¬ 
icant continuum which leads to the asymmetric Kondo 
sub-peak by interference effect. 

It is well-known that the subgap features in the present 
case involve at most two entities: one is the ABSs and the 
other is the Kondo resonance if the conditions are met. 
Thus, the dot Green’s function in the subgap regime can 
be written by introducing T-matrix as 

G4e) = G°(e) + G°(£)T,(e)G°(£), (15) 

where G[)(e) is the dot Green’s function in the subgap, 
which is nothing but the ABS described approximately 
by a simple Lorentzian resonance 




Zb 

£ — Eb + iF^ 


(16) 


where Eb,Tb, and Zb denote the position, the width, 
and the weight of the ABSs. It is known that Fb oc 
F N/F- The T-matrix Td(e) is mainly composed by Kondo 
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resonance in the Kondo regime 


Td{e) 


Tk 1 

■7rp°j_{e) e-eK + 


(17) 


which is also approximately described by a Lorentzian 
line-shapei^ Tk = Tk is the half-width of Kondo reso¬ 
nance, £k is its position. 

From Eqs. (USD-dni), the local density of states (LDOS) 
of the dot in the subgap Pd{£) = — ;^IniGd(e) reads 

Pd(e) = --Im[Gd(e)] 

TT 

= P°(e)-7r[Pd(£r)]^ x 

[(g2(e) - 1) ImTd(e) - 2gd(e)ReTd(e)] , (18) 

where ^^(e:) = -ilm[G2(e)] and q^ie) = -ReG^(e)/ 
ImG°(£) is the asymmetry factor. Substituting Td{£) 
into Eq. (fl^ . one can obtain a Fano-like formula for the 
LDOS in the subgap regime 

(19) 

with X = {e — Sk) /Tk, as given in Ref.ls^. The density 
of states p°(£) can be obtained from Eq. (fTBIl . 




1 ZbTb 
^[e-Euf + Tl 


( 20 ) 


Eq. (11911 can simply capture the in-gap LDOS and the 
characteristics in Andreev transport, which can be recog¬ 
nized as the coherent superposition of ABSs and Kondo 
resonance. 

In the absence of Kondo resonance (Fjv “C |edcr|), the 
ABSs always keep the Lorentzian line shape even the 
factor |gci| —t oo. By increasing the coupling Tk, the 
Kondo resonance peak appears and evolves into a Fano- 
dip structure for F^r ^ \£d<y \ as shown in Fig.[2](b). In this 
case, the interference between the Kondo resonance and 
the significant broadening ABSs distorts the line shape 
of Kondo resonance. In the presence of magnetic held or 
spin-polarization, the interference between the subpeak 
of Kondo resonance and splitting ABSs also leads to Fano 
asymmetric structures as shown in Fig. HI In Fig. [5] (a), 
we plot the spin-dependent LDOS with P = 0.4. The 
Zeeman splitting of the square-root singularity situates 
symmetrically around the energy gap. This phenomenon 
has been reported in the previous experimental and theo¬ 
retical investigationsj22i^ Interestingly, the Kondo reso¬ 
nance splits into a resonant sub-peak and a Fano-type 
asymmetric structure for spin-up and spin-down elec¬ 
trons, respectively. In Fig. [5] (b), we ht the asymmet¬ 
ric structure in the LDOS of spin-down electrons by the 
qualitative theory of Fano resonance[see Eq. (fTOl) ] by us¬ 
ing the following parameters: qd = 1.15, Tk = 0.031A, 
Ejj = —0.2A, £k = —0.3A, Zjj = 0.04, and F^ = 0.12A, 
and the level Eb = E^ + Ezeff with E^g = —0.5A and 
Tzeff = 0.3A, where Eb is the bare level of ABS in the 




b/A 

FIG. 5. (a) The spin-dependent LDOS with P = 0.4 and 
Ez = 0 as given by the dotted line in Fig.|4] (b). (b) The 
asymmetric structure in the LDOS of spin-down electrons is 
fitted with the theory of Fano resonance. 


absence of spin polarization, and Ezeff is the Zeeman 
energy induced by the effective field. 

In Fig.O and Fig.[3 we show the evolution of Kondo 
resonance peak (Fjv = 1.5A) and Fano dip (Tk = 2A) 
structures in Andreev transport spectrum of F-QD-S de¬ 
vice. When the ferromagnetic lead is weakly coupled with 
quantum dot, the spin polarization induced effective held 
Ezef f is too small to be observed in ABSs. Therefore, we 
discuss the case that the dot is strongly coupled both with 
ferromagnetic and superconductor leads. From Fig. [6] (a), 
we can see that the ABSs are split and suppressed by spin 
polarization as indicated by the blue dashed line 2. In 
addition, the Kondo resonance is also split into two side- 
peaks by the induced effective held42r— By increasing 
P, the lineshape of the side-peaks evolves from a peak to 
a peak-dip, and even to a dip. Eventually, the Kondo ef¬ 
fect is completely suppressed by the large polarization P, 
as indicated by the green dotted line 1. As shown above, 
the Fano resonance originates from the interference be¬ 
tween the side-peaks of Kondo resonance and the split¬ 
ting ABSs. At the bias Vsd = ±A, the Kondo resonance 
at the Fermi level of ferromagnetic lead also signihcantly 
enhances the Andreev transport as shown by the green 
dotted lines 1'. In Fig. [5] (b), we show the compensation 
effect in Andreev transport, since external applied field 
can counteract the influence of effective held on electron 
spin. All the splitting structure in ABSs can be com¬ 
pensated by applied magnetic held. For the polarization 










6 



FIG. 6. (a) The evolution of ABSs and the splitting of the 
Kondo resonance due to the spin polarization of lead, the po¬ 
larization P increases from P = 0 (the top) to P = 0.9 (the 
bottom) with the step 0.1, and Ez = 0. (b) The compensa¬ 
tion effect of the ABSs and the Kondo splitting by external 
magnetic fields with P = 0.3. The Zeeman energy varying 
from the top Ez = 0 to the bottom Ez = 0.225A with a step 
0.025A. The compensation field is Ez ~ 0.135A, as shown 
the bold dark curve. Other parameters used: the dot level 
Ed = —5A, the coupling Ts = 5A and Tjv = 1.5A, and the 
half bandwidth D = 20A. 


P = 0.3, the corresponding compensated Zeeman energy 
is E'^ = 0.135A as shown the bold dark curve in Fig. [6] 
(b). By increasing the external magnetic field, the asym¬ 
metric structures firstly merge into a Kondo resonance 
peak. For Ez > E^, the Kondo resonance peak splits 
again into two sub-peaks, which become more and more 
symmetric, because the Fano interference is suppressed 
by increasing the distance between the Kondo resonance 
and ABSs through the Zeeman splitting Ez- 

In Fig. [3 (a), we show the influence of effective field 
on anti-resonance dip structure in Andreev transport. In 
the absence of polarization, the anti-resonance dip orig¬ 
inates from the interference between Kondo resonance 
and ABSs. In the presence of polarization, the inter¬ 
ference between the sub-peaks of Kondo resonance and 
splitting ABSs can be tuned by increasing the distance 
between them. As indicated by the green solid line 1, the 
resonance dip splits into two side-dip structures, which 
evolve into resonance peaks and then are completely sup¬ 
pressed by increasing the polarization P. The ABSs are 
also split by the effective field and shows crossing behav¬ 
ior. In Fig. [3 (b), we show the splitting of ABSs and 
Kondo resonance can be compensated by applied mag¬ 
netic field. For the polarization P = 0.2, the splitting in 
ABSs can be compensated by the applied magnetic field 
with E'^ = 0.1 A. The anti-resonance dips display cross¬ 
ing behavior and evolve into asymmetric structures by 



FIG. 7. The suppression of ABS and the splitting of Kondo 
dip due to the spin polarization and its compensation effect 
by external magnetic field, (a) The polarization P increases 
from P = 0 (the top) to P = 0.9 (the bottom) with the step 
0.1 and the Zeeman energy Ez = 0. (b) The compensation 
of ABS and the Kondo splitting by external magnetic field 
varying from the top Ez = 0 to the bottom Ez ~ 0.225A 
with the step 0.025A. For the polarization P = 0.2, the 
compensation field is Ez ~ 0.1 A, as shown the bold dark 
curve. Other parameters used : the dot level Ed = —5A, the 
coupling Vs ~ 5A and Fv = 2A, and the half bandwidth 
D = 20A. 

increasing the magnetic field. In Fig. [6] (b) and Fig. [3 
(b), the Fano asymmetric structures at finite-bias are 
pronounced when the splitting ABSs gets close to the 
sub-peak of Kondo resonance. The line shape is deter¬ 
mined by the Fano factor qd- Oppositely, the Kondo res¬ 
onance recovers the peak structure when it is away from 
the ABSs. Because the dot level can not be significantly 
broadened by applied magnetic field, the Fano effect can 
only attributes to the interference between the ABSs and 
sub-peak of Kondo resonance. 


IV. SUMMARY 

In conclusion, we have studied the Fano resonance in 
Andreev transport through the N/F-QD-S device. In 
N-QD-S device, the interference between the Kondo ef¬ 
fect and the broadening ABSs leads to an anti-resonance 
structure at zero-bias in Andreev transport. In the pres¬ 
ence of spin-polarization, the ferromagnetic lead induces 
an effective magnetic field, which splits the Kondo res¬ 
onance and ABSs. All the splitting structures can be 
compensated by external applied magnetic field. When 
the sub-peaks of Kondo resonance and splitting ABSs 















































7 


get close to each other, the interference between them 
results in Fano-type asymmetric structures at finite-bias. 
The Fano resonance in Andreev transport is expected to 
be observed in future experiments. 
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